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Abstract  
 Under sharp turn condition, side tumbling of tanker semi-trailer often happens. Aiming at dangerous accidents of 
this kind, in this paper, the ALE (Arbitrary Lagrange-Euler) method is employed to analyze the process of tanker 
semi-trailer during sharp turn. Under different liquid filling ratio, liquid sloshing influence on the steering stability is 
analyzed. Obtained the Y-direction force of some units located at middle of tank’s left side, the Y-direction 
acceleration and the Z-direction displacement of the key nodes at the right side of the tank. The results were 
significance for tanker semi-trailer’s steering stability simulation. 
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1.  Introduction 
 With the rapid growth of transportation of our country and the growing demand for industrial raw 
materials, transportation of dangerous goods is booming. Currently, due to the constraints of water, rail 
and aviation, mostly, the transportation of liquid dangerous goods needs to use the tanker semi-trailer by 
road transport [1]. In the actual transport process, tank semi-trailers usually run without full-filled. Due to 
the liquidity, the liquid will offset when the tanker in turning, causing migration of the semi-trailer 
centroid, especially during the sharp turn, the rollover accident occurs easily, and then initiates secondary 
accidents, such as leakage, burning, explosion, etc, causing huge damage to property and environment 
around. Therefore, the fluid-structure interaction and its related analysis for tanker semi-trailer have great 
significance.
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 Scholars at home and abroad have worked on the study of tanker semi-trailer’s side tumbling 
stability, Ding Sui Liang using the ANSYS pre-processing module , by the finite element method, 
established the general program about numerical solving the natural frequency, modal and dynamic 
characteristic parameters of liquid sloshing in any three-dimensional tank[2]; Wang Zhengwei used the 
finite element method to numerical solving the natural frequency and modal of three-dimensional liquid 
sloshing in rigid container, using the functional extremum theory, programmed a finite element method 
program of tetrahedron isoparametric units[3]. But at present, few people studied the liquid sloshing and 
tanker semi-trailer’s side tumbling stability together. 
 This paper using Arbitrary Lagrange -Euler (ALE) method, simulated the sharp turn of tanker semi-
trailer, comparatively analyzed the force, acceleration and displacement, to study the influence of loadage 
of tanker semi-trailer’s side tumbling stability. 
2.  Theoretical Basis 
 During the turn of tanker semi-trailer, the influence of side tumbling stability from liquid sloshing is 
a typical fluid-structure interaction problem, the main methods includes ALE, SPH and Lagrange[4]. 
ALE integrates the Lagrange method and Euler method, which provides a better way to solve the fluid-
structure interaction problem [5-6].
2.1. Theoretical Basis of the ALE Method 
 In the ALE method, introducing a arbitrary reference coordinate different from Lagrange and Euler 
coordinates, the materials rate related to reference coordinate can be described as [7]:
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 In which, iX is the lagrange coordinates, ix is the eular coordinates, iw is the relative velocity 
between the velocity in lagrange coordinates iv  and eular coordinates iu , that is iii uvw  .the
control equation of ALE algorithm can be given by conservation equations. 
1) Mass conservation equation
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2) Momentum conservation equation
 The enhancement pattern of Newton fluid flow problems in control fixed localized composed with 
control equation and corresponding initial condition and boundary condition, the ALE description of 
Navier-Stokes equation about the problem of control fluid: 
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3) Energy conservation equation
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 In which, ijV  is Cauchy’s stress tensor, )( ,, ijjiijij vvp  PGV , U  is density, p  is 
pressure, iv  show the speed of material in space coordinates, iw  showed relative velocity of mesh point 
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in the space coordinates, P  is Dynamic viscosity coefficient, ijG  is Kronecker function, E is he energy 
of per unit mass, ib  is Fluid volume force. 
3.  Example Analysis 
3.1 Model Building 
 Tanker semi-trailer is composed by tractor, tanker, middle swash plate and some other parts[8], shell 
element is adopted to simulate the tractor, tanks, stenting and swash plate. Meshes engine, storage tank 
and fluid as solid element. Applying lagrange algorithm to tank, the ALE algorithm to the fluid. Define 
the interface between two units as fluid-structure surface, using the penalty function method to solve the 
contact force inside the coupling interface. The finite element model includes 105732 units and 103749 
nodes. The finite element model of the tanker is showed in figure 1. 
Fig.1 Finite element model of tanker semi-trailer 
3.2 Identified the Initial Conditions 
 Numerical simulation of the tanker during the turn of semi-trailer, initial conditions mainly includes 
the material attribute of tanks and loading liquid, the speed and radius of the turn.  
1) The Material Attribute of Tanks and Loading Liquid
 The material of the tank is Q235, using the elastic-plastic model to description, the density is 
39 /86.7 mmte , the young’s modulus is Mpae507.2 , the Poisson ratio is 0.3.  
 The material of liquid and air is null material. The density is 39 /0.1 mmte  and 312 /0.1 mmte .
The state equation of liquid and air are linear polynomial equation:  
ECCCCCCCp )( 2654
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210 PPPP   in which, iC  is the equation coefficient, 
10  UUP , 0,UU  is respectively of the liquid’s current density and initial density[9].
3.3 Identified the Boundary Conditions 
 The contact surface between the liquid and air uses conode, the contact surface between the liquid 
and structure adopts fluid-structure interaction, the speed of liquid and air relatively to the speed of tank 
is 0, by exerting a centripetal angular velocity to realize the turn of tank; the computing time is 0.5s. 
3.4 The Simulation and Results Analysis 
 Using universal dynamics analysis software LS-DYNA, analysis 4 conditions of the tanker semi-
trailer fill ratio with 0, 0.25, 0.5 and 0.75 during the sharp turn. 
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 The tanker is on a constant velocity before turning, begin with t=0, the tanker starts to sharp turn, the 
centripetal angular velocity during the turn is along to the Y axle. This paper analyzed the 4 conditions of 
the fill ratio from 0 to 0.75, obtained the x direction force, the y acceleration and the z displacement on 
the middle of tank, compare the result on the different fill ratio, and study the influence of loadage of 
tanker semi-trailer’s side tumbling stability. 
1) The Y Direction Stress of Some Units in the Middle of Tank’s Left Side 
 As showed by figure 2,3,4, in the early turning, because of the pressure of the load liquid, on the fill 
ratio 0.75, the Y direction force on the back, middle, front of the tank is bigger than which on the other 
fill ratio. With the turning process, the fluid began to slosh by the function of centrifugal force, because 
of the liquid sloshing space is less on the fill ratio 0.75, so the force on the tank on Y direction is evener. 
When the fill ratio is 0.5, due to the large space of liquid sloshing, and the centrifugal force during the 
turn, the liquid sloshing amplitude increases gradually, the force on the tank along Y direction gradually 
increases to the peak value. 
Fig.2 The Y direction force of the element on the back of tank in different fill ratio 
Fig.3 The Y direction force of the element on the middle of tank in different fill ratio 
Fig.4 The Y direction force of the element on the front of tank in different fill ratio 
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2) The Y direction acceleration of some nodes in the middle of tank’s right side
 As shown in figure 5, when the fill ratio is 0.75, because of the large loadage, the centrifugal force 
on the back of the tank is higher during turning which make the acceleration on back of tank is greater 
than the acceleration on other fill ratio. See chart 6 and 7, the acceleration on front and middle of tank is 
lower, only when the fill ratio is 0.5, due to the liquid sloshing amplitude is larger, the acceleration on 
this condition is a little higher than other situation, also because of the liquid began to turn back by the 
block of the tank side, and the liquid flocked to the other side, lead to the acceleration date size increased 
rapidly, arrived to the first peak value, then decreased gradually, later on, the acceleration increased 
gradually, back and forth. 
Fig.5 The Y direction acceleration of the node on the back of tank in different fill ratio 
Fig.6 The Y direction acceleration of the node on the middle of tank in different fill ratio 
Fig.7 The Y direction acceleration of the node on the front of tank in different fill ratio 
3) The Z direction displacement of some nodes in the middle of tank’s right side
 As shown in figure 8 and 9, because of the centrifugal force during right turning, with the sloshing of 
the liquid, the right side of the tank will produce displacement in Z positive direction. When the fill ratio 
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is 0, the centrifugal force produced by turning of tanker is smaller, so the Z displacement of tank’s right 
side is nearly 0; when the fill ratio is 0.25 and 0.75, owing to the liquid sloshing modestly, the centrifugal 
force generated by sloshing is lower, so the Z displacement in the front and back of the tank increase 
small; when the fill ratio is 0.5, because of the increasing loadage and slosh space, cause the liquid 
shaking in the tank, produce a big centrifugal force, leading to the displacement of tank’ s front and back 
increases rapidly. 
Fig.8 The Z direction displacement of the node on the back of tank in different fill ratio 
Fig.9 The Z direction displacement of the node on the front of tank in different fill ratio 
4.  CONCLUSION 
 Solving the influence of different fill ratio on side tumbling stability of the tanker semi-trailer during 
the turn, the ALE finite element method, based on LS-DYNA, has more superiority. The method is 
hardly restricted by geometrical shape, boundary conditions and load condition. By the ALE method, 
coupling calculation of tank structure, air flow field and water flow field can be carried out. Simulation of 
liquid sloshing in tank caused by the centrifugal force during the tanker turning can also be achieved. 
 The results show that, during the sharp turn of tanker semi-trailer, with the increase of fill ratio, the 
liquid sloshing amplitude becomes strong gradually, the side tumbling stability of the tank drops 
gradually by the influence of liquid sloshing, when the fill ratio is up to 0.75, because of the reduction of 
liquid sloshing space, the liquid sloshing amplitude becomes weak gradually, the ability of rollover 
prevention is enhanced gradually. It shows that the sloshing of liquid has a great influence on tanker 
semi-trailer’s side tumbling stability during turning. 
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